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Introduction
There are countless maladies in the world today, yet our ability to diagnose them all with precise
accuracy is a work in progress. Mental illnesses such as schizophrenia, autism, ADHD, ADD, and
anxiety (Kim, 2018, Matheweson, 2012, Van Dongen-Boomsma, 2010) have been shown to alter the
mental states of those who suffer from them on a neurological level. Due to the blurry lines of
defining these conditions and their symptoms, exact measurement or diagnosis is difficult due to the
variability of such conditions. In 2007, Drs. Bruce Brown, Dawson Hedges, Donovan Fleming,
Scott Steffensen, and other members of the q research group pioneered a new eigenvector method
for analyzing event-related potential (ERP) measures from the performance of cognitive tasks with
the long term goal of discovering more effective methods for diagnosing mental disorders (Brown,
Hendrix & Hedges, 2014; Brown, Hendrix, Cecchi, Scott, Silcox, Brighton & Hedges, 2016). The
ERP method works by using a time lock over the course of several repetitious activities in order to
pinpoint the timing of the cognitive activity taking place in the brain. Over the repetition of many
tasks, the waves are averaged out to create one smooth pattern that is measure-friendly.
For the past year, many have participated in a research group that grew out of this work. We
have been carrying out a substantially more definitive test in order to determine the strength of the
CSB analytical method on a much larger sample. This research group is conducting a major study
two years in the making, which has gone through a number of iterations, IRB amendments,
etc. The research team now includes nine faculty colleagues with a strong and diverse set of
capabilities.
I intend to measure, using the existing data from Dr. Brown’s EEG study, the effects of two
latent infections (HSV-1 and Helicobacter Pylori), in combination with the effects of bad air days,
on reaction time (RT) during the performance of the Sternberg memory search task. The air quality
in the region of Utah valley has been monitored and analyzed extensively over the past thirty years,
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thanks to the work of Dr. Arden Pope of the BYU economics department. He is well-known
nationally for his strong series of studies over many years demonstrating the negative effects of bad
air quality on cardiovascular health (Pope et. al. 2004, Pope et. al 2006, Pope et. al. 2015). In this
pioneering study we are now examining the combined effects of pollutants in combination with
latent infections in altering cognitive function.
The primary focus of the study is to test the hypothesis that bad air days when combined
with latent infections will have a detrimental effect upon memory search performance tasks, such as
the Sternberg Task (1969). The intent of this study is simply to begin with the behavioral reaction
time (RT) data, and then move on in to later analyses to relate the RT results to a deeper analysis
using single subject analysis of ERP data using the advanced linear algebra methods.
Method
The following constitutes the process and method for the project: First we gathered together
a sizable sample of college-aged volunteers and brought them into our laboratory. We prepared each
participant with questionnaires regarding their personal information, sleeping patterns with the
Pittsburg Sleep Quality Index (PSQI), and their signatures showing they understood the
explanations for the purpose of the study, and their consent to participate. When consent was given,
we placed participants’ into a soundproof booth where they were presented with tasks on the
computer screen in the room.
The Sternberg tasks were displayed on a computer monitor, flashing numeric combinations
to the participant who would respond by clicking a button if the displayed numbers were aligned
with the test’s instructions. An example would be if a participant was prompted to click the button
assigned when they saw two digits that were in a specific order (ex. 2 , 4), they would click, but when
the numbers were not the assigned pair of numbers (ex. 3, 6), then they would refrain from clicking.
The level of difficulty would increase as the amount of digits to be remembered increased between
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2 numbers, 4 numbers, and 6 numbers. Based on if the combinations were correct with the prompt
sequence, the participant would respond by clicking a button provided to measure reaction time
(RT). The Sternberg presence task would have the participant click a button recording their reaction
time if the sequence correctly matched the prompt sequence, and if the sequence did not match the
participant would do nothing. The process was reversed for the Sternberg absence task.
Between the task’s two sessions, 6 testing conditions were presented with the combination
of three blocks each of Sternberg’s Presence-Absence Responding Task, with memory loads of 2
digits, 4 digits, and 6 digits. Each participant performed said tasks within two testing sessions
separated by 2 weeks. Each testing session contained 25 trials, with our total of 37 participants (the
number of students identified with one of the three latent infections), which should suffice with a
level of effect to determine whether the results were significant. When participants finished both
sessions of the Sternberg tasks, blood samples were taken from the participants, and order to
identify those who carry the latent infections to later compare them with the control group
participants in reaction times. Blood samples of participants were analyzed for conditions of
Toxoplasmosis Gondii, Helicobacter Pylori, and Herpes Simplex Type 1. Each of these conditions
were referred to as “latent infections”, minor conditions that do not pose any serious health risks,
yet may affect the reaction times of participants significantly. Responses within the Sternberg tasks
that were incorrect were removed from the analysis.
The following hypothesis were tested:


H1. It is hypothesized that for the presence-responding condition we will obtain confirmation
of the original Sternberg findings of approximately a 38 millisecond slope for memory load, and
a zero-intercept value of approximately 400 milliseconds, thus demonstrating a reasonably close
replication of fundamental findings.
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H2. It is hypothesized that the additional complexity introduced by absence responding will add
a sizable additional RT component, but consistent with many previous studies, it will be
independent of the memory load slope.



H3. Reaction-time performance will be hampered by the presence of pollutants, particularly
PM2.5 on the bad air days, but with fairly small effects.



H4. Reaction-time performance will be hampered by the presence of latent infection, with larger
effects than that of pollutants.



H5. There will be a significant interaction between PM2.5 and latent infections, i.e., a
compounding of negative effects beyond that expected from the two singly.

Results
The following are two sets of analyses, the first being used as initial analyses reporting
results of the reaction times (RTs) for each data point of the 10,000+ recorded overall. The second
set of analyses consisted of two hierarchical mixed-model regressions to precisely test the
hypothesis that reaction times (RTs) from the Sternberg memory search task could accurately
identify latent infections in the 37 participants. Analysis 1 took the individual reaction times and data
points into consideration as a whole, and did not necessarily model the analysis as a proper test of
hypotheses. The study included only the 37 participants from whom blood samples had been
collected, yet this method would account for the 10,000+ reaction times and data points into a much
larger effect than was the case in reality. Using mixed modeling to 37 individuals and their associated
reaction times produced more representative results. Analysis 1 shows how the data was analyzed in
the first set of analysis with the reaction times in the 10,000+ range, while the mixed model in
Analysis 2 was more efficient at separating random effects from the fixed effects which were much
more telling.
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Analysis 1:
First Initial Summary Analysis on the Individual Reaction Times (RT) Level
This thesis was based upon the analysis of the 37 subjects for whom we had both the
associated reaction times as well as the blood analysis that would reveal the presence of two latent
infections: Herpes Simplex Type I (HSV-1) and also Helicobacter pylori. We had intended to also
study the effects of Toxoplasmosis gondii, but there was only one subject who tested positive for
that latent infection. The following tables and figures were created from the reaction-time analysis
of those subjects for whom EEG data was gathered, filtered, and analyzed.
Table 1 presents the results of a multiple regression of the prediction of reaction times from
the two Sternberg task experimental manipulations: Memory Load (ML) being the number of digits
held in memory, and the Presence Absence (PA) responding tasks. Included in the study were tests
of the interactive effects between these two factors, and the latent infections. Table 1 showed the
initial assessment of the interactions of PA and ML, as well as the prediction of reaction times from
this condition.
Figure 1 shows the graph of the linearly predicted values of both presence responding and
also absence responding. In Sternberg’s (1969) original work it was found that the slope for memory
search is was 38 milliseconds to search each additional digit held in memory. That is, for every
additional digit held in memory, the response should take an additional 30 milliseconds (4 digits for
120 msec, 5 digits for 150 msec, and so on). The zero-intercept or baseline reaction time tended to
be about 400 msec. It follows that two digits held in memory would take about 460 msec. to
respond, four would take about 520 msec., and six would take about 580.
As shown in Table 1, in accordance with hypothesis 1, our results for the presence
responding condition are very consistent with Sternberg’s (1969) results. The zero intercept for the
reaction times (387.28 msec.) is very close to his intercept of approximately 400 msec., and the
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memory load slope (37.93 msec.) is also very close to his slope of 39 msec. With regard to
hypothesis 2, however, our results are somewhat different than expected. While we did find that the
absence-responding condition added a sizable additional reaction time component (161.97 msec) as
hypothesized, it was not independent of the memory load slope as was originally theorized.
As can be seen in Figure 1, the absence-responding condition has a much shallower slope
than the presence-responding condition, and this interaction is also shown in Table 1 to be
statistically significant with a fairly strong t value (t = -7.82, p<0.000). There is a fairly obvious
reason for this violation of the usual finding of side conditions being independent of memory load.
In this case the side conditions were found to be interactive with the pollutants as opposed to being
independent measures. We have found in previous studies that some subjects notice that the very
difficult absence-responding condition with a memory load of six is in fact equivalent to the
somewhat easier presence-responding condition with a memory load of four, when many would
assume that the task would be proportionately more difficult to the greater memory load. The
nature of mixing continuous/quantitative data with that of binary and trinary data may have also
contributed to the violations of Sternberg’s norm.
Whereas Table 1 and Figure 1, and the first two hypotheses, are focused on establishing the
continuity of this study with findings from the accumulated Sternberg memory search literature,
Tables 2 through 7 are bivariate regressions to simply provide a summary of the variables found to
significantly interact with the participants’ testing. It gave a quick visual as to the p-values, t-values,
and r2 coefficients of each of the designated sets of data. This allowed for an easy visual to see that
Herpes had the largest coefficient after Memory load and the Presence/Absence task. Out of each
of the latent infections, Herpes was the most significant correlation out of all of the latent
infections’ interactions with airborne pollutants. The graph matrix of scatterplots in Figure 2 (not to
be confused with tables 2-7 combined) shows the linear relationships among these six predictive
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variables. Notice that the first two of the six, the ML and PA experimental condition predictive
variables, are indeed independent of one another, whereas the two infection variables (Herpes and
Helicobacter Pylori) and the two pollutant variables (PM 2.5 and PM10) have a variety of
relationships with one another and with the dependent variable, reaction time (RT).
Table 8 represented a multiple regression of the Prediction of RT with the Memory Load
and Herpes Simplex 1, along with the interaction thereof. The results of the measurement indicated
a moderate correlation with Herpes interacting with the memory load task, yet not significant
difference between latent infections and the control group. Table 9 However indicated that PA
interacting with Herpes did in fact prove significant.
In Table 9, the data showed significant t-scores and p-value readings with a t-score of 2.00
and p value reading of .045. This proved to be one of the two significant conditions in the study
overall with the only other condition being Table 10, showing the prediction of reaction times from
interactions with Helicobacter Pylori, with a p-value reading of .024 and a t-score of 2.25. The rest
the Tables indicated combinations of conditions such as Memory Load interacting with PM 2.5 and
PM 10, as well as interactions with Presence-Absence task with the same pollutants surprisingly
yielded no significant results as shown in the charts below.
Coming back to earlier figures, Figure 2 showed the reaction times distributed between all 32
participants, with presence and absence tasks combined. It manifested the 6 memory load values of
the participants’ reaction times with a linear correlation coefficient placed on it to show the increase
of slope throughout the increase of digits in the study. The average increase of 28.37 msec is
relatively close to Sternberg’s average increase of .38 msec, showing the reliability of the tasks has
remained intact. With the increase of every digit, the reaction times of each of the participants’
increases by a certain margin.
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Figure 3 compares the reactions times of those who have been shown to have the latent
infection of herpes, and how they reflect compared to those who do not have the condition. The
difference of slope indicated within Figure 3 are indicative of a noticeable difference between the
two groups, and the reaction times therein. This would according to our theory supposedly extend
further with the presence of air pollutant PM 2.5, however when we examined the results of Figure
4, we were surprised to see that higher levels of PM 2.5 actually correlated with quicker reaction
times. A potential explanation for the finding is found in our Discussion section, needless to say
though we were surprised at the data.
Figure 5 demonstrates the measured interaction with Herpes Simplex 1 with the Memory
Load tasks of the study. With the Memory Load task, the presence of Herpes Simplex 1 once again
manifests itself in a slower reaction time, quite clearly seen in between the lines of participants with
and without the latent infection. Figure 6 manifests the same phenomenon with the Presence
Absence Tasks, showing differences in reaction time for both sets of tests. Figure 7 also showed a
visible difference in reaction times, the only difference being that the Figure measured the
interaction of Helicobacter Pylori with Memory Load Task. However, it should be noted that the
average differences in reaction times were much closer to the control group than those of Herpes
Simplex 1, a fact worthy of note.
Figures 8 and 9 both are predictor figures, showing the relationship between PM 2.5 and the
Memory Load task in Figure 8, while Figure 9 demonstrated Memory Load interacting with PM 10.
Interactions with PM 2.5 were much more pronounced than differences with PM 10, the latter being
much closer together in terms of differences correlated with levels of the pollutant in the air. For all
intents and purposes, the two serve as a helpful visual for the interaction’s effects on participants
doing the Memory Load tasks, but lack significance in drawing conclusions from the data at large.
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Perhaps the most perplexing figure, Figure 10 shows a graph matrix of all the reaction times
of the participants’ within the 6 testing conditions listed beforehand. The differing nature of each
of the factors made for a complex comparison, as some factors are quantitative and continuous
while others were binary or trinary. The scatterplot overall confirms that no condition was
significant other than Memory Load, Presence Absence, and Herpes Simplex 1 interactions.
Analysis 2:
Two Mixed-Models Analyses Testing the Hypothesis of Latent Infections being Identified from
Reaction Times
Upon additional scrutiny of the data analyzed, we found further items of interest, with the
following as brief additional commentary, and data interpretation. The initial analysis in Analysis 1
was modeled incorrectly to take into account each and every data point produced by the reaction
times of each of the 37 participants. Such an approach, while generating a large effect from the data
taken, failed to appropriately restrict the data’s large N factor to the correct level with only 37
individuals having been tested. While the error did not necessarily nullify the results of the findings
from Analysis 1, they certainly made space to entertain doubts of some of the findings, resulting in
the second analysis. Figures 11, 12, and 13 and Tables 14 and 15 were added as a result.
In Analysis 2, the model for analyzing the data formatted it properly to reflect the data as
within 37 individuals by providing a Mixed Model approach. Figures 12 reflected interactions with
HSV-1 x ML x PA in a three way interaction, while Figure 13 reflected the main effect of HSV-1
upon a two way interaction between ML x PA (for predicting mean reaction times for individuals
with HSV-1 as compared to testers in the control group). Upon more rigorous and specific analysis
as is shown by Tables 14 and 15, the results still yield a higher reaction time on average than control
groups with the same tasks. Interestingly enough, testing the interaction of ML, PA, and HSV-1
together showed that reaction times in both groups hit a sort of threshold with 4 digits being shown
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them then declined with the turn to 6 digit testing, presumably due to the greater difficulty of the
task.
Discussion
By viewing data taken from the both analyses of the data in this study, we realized we had
committed an error by measuring all of the data in terms of data points (ranging well over 10,000 in
total between all 378 participants), and so a model adjustment was made in calculations during
Analysis 2 to be more fitting. Thankfully, our findings still maintained their integrity even with the
additional scrutiny. It was inferred that the air pollutants themselves affected participants very little, a
surprising fact given our assumptions listed in our hypothesis and premise for the study. Even more
surprising was that the higher the levels of pollution in the air, the faster reaction times seemed to be
according to our first analysis. Although the pollutants themselves had little effect however, this did
not necessarily mean that our hypotheses were null. Specifically, the data showed an intriguing result
when Sternberg Presence and Absence tasks were measured with participants whose bodies carried
the latent infection of Herpes Simplex 1.
According to our first analysis, those with the HSV-1 performed more poorly than the
control group in terms of this task on days where air pollutants were high, where those without the
condition showed no significant hindrance in the same tasks on the same air quality days. When air
pollutants were measured in lower levels, those participants’ with HSV-1 performed regularly, with
significant difference. Yet when the data was reanalyzed in the mixed model setting, air pollutants in
reality had very little affect on the reaction times of participants. What manifested as a significant
interaction in Analysis 1 was in actuality the significant interaction in itself. HSV-1 itself was
measured to be the impeding factor slowing the reaction times of participants, as opposed to the
interaction between the latent infections and air pollutants as was originally hypothesized.
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Even in the mixed model approach, Herpes Simplex 1 was still a significant variable, in
accordance to our hypothesis. The data suggests that from these performances is the pre-existing
condition of Herpes within this study did have an affect on levels of reaction times in the Sternberg
memory tasks, and that this effect was not significantly exacerbated by the days where levels of air
pollutants PM 2.5 and PM 10 were high. Such a correlation may imply that levels of physical health,
more than levels of pollution affect the reaction times of individuals, particularly in the case of
latent infections.
The potential repercussions for this finding are widespread. More debilitating conditions
than Herpes may also correlate with lower levels of memory processing and reaction times, and if
such is the case, it could prove to be of vital importance for all highly dense populations. For
example, would the presence of latent infections affect cab drivers in any large city where reaction
times can mean avoiding a fatal accident? This is a simple correlative study, yet it still stands as an
indicator for the potential importance of investigating how reaction times could be significantly
impeded by interactions the environment with conditions like Herpes Simplex 1. Carriers for the
conditions may be advised to avoid specific reaction-based activities while the condition remains,
and if the condition is permanent then perhaps certain activities ought to be discouraged altogether,
should further research on the matter prove consistent the findings of this study.
Conclusion
While the initial hypothesis that air pollutants negatively affect the memory capacities of the
general population tested in the study may have been incorrect, it is none the less valuable for its
demonstration of an unexpected phenomena, the standalone effects of pre-existing conditions such
as Herpes Simplex 1. Further research would be necessary in exploring the implications of the
findings generated from this study, such as if other physical conditions (latent infection or other) are
potentially exacerbated by the higher levels of PM 2.5 and PM 10 than what Utah valley provided
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during this study. If such an effect does exist, then the cognitive well-being of those in regions
where air pollution quality is consistently poor may indicate a chronic limitation to memory-based
cognitive functions and reaction times, in addition to the factors of pre-existing latent infections as
well. A future hypothesis worth considering would be to study if individuals and communities in
such pollutant-heavy regions adapt cognitively to the air pollutants found so often within highly
populated areas. Replication of this study would also establish if such findings are consistent across
several populations and locations, a necessary development if these findings are applicable to the
general population.
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presence responding

Figure 1. This graph shows the interaction between memory load and presence
vs. absence responding. The presence responding predictive line has a slope of
37.9, and the absence responding predictive line has a slope of 19.5.

Figure 2. This scatterplot shows the distribution of reaction times over all 32
subjects, presence-responding and absence-responding combined, at each of
the six memory load values, with a fitted regression line superimposed upon
the plot, having a slope of b = 28.67 meaning 28.67 msec increase for each
additional digit held in memory, with is a total slope of 114.68 msec for the
entire range from 2 digits held to 6 digits held.
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Figure 4. This scatterplot shows the distribution of reaction times over all 32 subjects,
and across the range of PM2.5 concentrations from a low on the left of 1.3 micrograms
per cubic meter to a high on the right of 46.7, with a fitted regression line superimposed
upon the plot, having a slope of b = 1.0509 msec for each microgram per cubic meter,
which across the range of PM 2.4 concentrations, 45.4, is a drop of 47.71 msec. It is
surprising that higher concentrations of PM2.5 actually decrease the reaction times.
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Figure 5. This graph shows the interaction between memory load (ml) and the presence
of Herpes Simplex Type I (HSV-1) in accounting for reaction time.
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Figure 6. This bar graph shows the interaction between presence versus absence
responding (pa) and the Herpes Simplex Type I (HSV-1) latent infection in accounting for
reaction time.
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Figure 7. This graph shows the interaction between memory load (ml) and the presence
of Helicobacter pylori latent infection in accounting for reaction time.
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Figure 8. This graph shows the interaction between memory load (ml) and the daily
concentration of PM 2.5 in accounting for reaction time.
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Figure 9. This graph shows the interaction between memory load (ml) and the daily
concentration of PM10 in the atmosphere as predictors of reaction time.
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Figure 11. Distribution of reaction times on the 12 Sternberg memory search results
for all 37 subjects combined.
The next graph demonstrates the predictions of the reaction times of participants’ when ML, RT,
and HSV-1 all interact.
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Figure 12. Line graph of the three-way interaction of the effects of HSV1 latent infection,
memory load (ML), and presence/absence responding (PA) in the three-way mixed
model, HSV1×ML×PA, in predicting the mean reaction times (CI = Confidence Interval).
The next graph shows an adjusted version of the previous graph, only that the ending result is a
bivariate interaction between ML and PA.
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Figure 13. Line graph of the three-way means of the effects of HSV1 latent infection,
memory load (ML), and presence/absence responding (PA) in the mixed model of HSV1
main effects adjusted for the ML×PA two-way interaction, in predicting the mean
reaction times.

